We compared antibiotic consumption between hospitals affected by a strain of Clostridium difficile designated as polymerase chain reaction-ribotype 027 (CD-027) and those unaffected during an outbreak in northern France. The mean consumption of several blactams, amikacin, and fluoroquinolones was high in affected hospitals (
). However, only levofloxacin and imipenem re-P ! .05 mained associated with emerging CD-027 in the multivariate analysis, suggesting that those antibiotics should be better targeted by prevention campaigns.
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Clostridium difficile is responsible for 15%-25% of cases of antibiotic-associated diarrhea in developed countries and most cases of pseudomembranous colitis. 1 Broad-spectrum antibiotic prescribing has been reported to be an important risk factor associated with C. difficile infection (CDI). 2, 3 Since 2003, outbreaks of severe CDI related to a new hypervirulent strain designated as polymerase chain reaction-ribotype 027 (CD-027) have been reported in Canada and the United States. 1 This strain, characterized by a high-level resistance to fluoroquinolones and erythromycin, has changed the pattern of the disease with an increasing frequency of incidence and attributable mortality. 4, 5 After the appearance of cases in the United Kingdom, Netherlands, and Belgium, France was stricken by this strain in 2006. 1 The first cases were reported by healthcare facilities (HCFs) through the national nosocomial infection mandatory notification system to the regional coordinating center for infection control and the French Institute for Public Health Surveillance on February 2, 2006. 1, 6 Overall, from January 2006 through November 2007, 639 cases of CD-027 were diagnosed in 48 HCFs in northern France. To determine a potential link between the emergence of a CD-027 outbreak and prior antibiotic consumption, we conducted a study to compare the HCFs affected by CD-027 with the HCFs unaffected by CD-027 during the 2006 outbreak in northern France.
methods
Data were extracted from 3 sources, as follows: (1) the French antimicrobial surveillance network based on volunteer participation of HCFs in northern France (previously described 7 ) provided antibiotic consumption data, (2) the national nosocomial infection mandatory notification system provided information on HCF infection status with regard to the CD-027 outbreak, and (3) the public reporting system of infection control indicators, 8 which is annually required by the Ministry of Health for all hospitals (previously described 9 ), provided the composite score measuring nosocomial infection control organization, resources, and action (ICALIN) for 2005 and the overall alcohol-based hand rub consumption (ICSHA) for 2005. The latter is the percentage of target value of volume of products (in liters) per 1,000 patient-days used that year.
This study used a retrospective case-control design. Comparisons were performed between HCFs affected by CD-027 (HCF 027ϩ) and HCFs unaffected by CD-027 (HCF 027Ϫ) ( Table 1 ). Antibiotic consumption data were expressed in defined daily doses (DDDs)/1,000 patient-days, in accordance with the guidelines of the World Health Organization. For selected antibiotics (Table 2 ) as well as overall consumption, comparisons between the 2 groups of HCFs were performed using mean values and the 75th percentile (p75) distribution as a dichotomous variable (Xp75 or 1p75). Hospital characteristics, such as hospital ownership (public or private), hospital size (X400, 401-800, or 1800 beds), proportion of beds that provide long-term care (!33% or x33%), and p75 of ICALIN and ICSHA score distribution, were also compared. The univariate analysis was performed using a 2-tailed Fisher exact test or Wilcoxon test. Variables with a P X .20 in the univariate analysis were included in a multiple logistic regression using a dichotomous variable according to the p75 distribution of antibiotic consumption. Statistical analysis was performed using STATA statistical software, version 10.0 (StataCorp). , and had a proportion of long-term care beds greater than 33% (59 [57.8%]). The p75 of ICALIN score was 96 points, and the p75 of ICSHA ratio was 58.6%. There was no significant difference between HCF CD-027ϩ and HCF CD-027Ϫ with regard to those variables (Table 1) . Overall antibiotic consumption was 42,639.1 DDDs/1,000 patient-days, the most highly consumed being penicillins (54.8% of the overall consumption), including coamoxiclav (31.7%), followed by fluoroquinolones (10.7%) and cephalosporins (9.8%). Overall The ICSHA is a level performance indicator on infection control. This indicator is the percentage of target value of volume of alcohol-based hand rub products (in liters) per 1,000 patient-days. 9 antibiotic consumption was not significantly different between the 2 HCF groups ( ). However, mean con-P p .23 sumption of ceftriaxone, penicillins with b-lactamase inhibitors other than coamoxiclav (piperacillin-tazobactam or ticarcillin-clavulanate), imipenem, amikacin, ofloxacine, and levofloxacin were significantly higher ( ) in HCF CD-P ! .05 027ϩ than in HCF CD-027Ϫ (Table 2 ). In the multivariate analysis, the logistic model included the 9 antibiotic consumption variables significant in the univariate analysis ( ) and hospital size as a hospital characteristic vari-P X .20 able. Two antibiotics, imipenem (odds ratio [OR], 6.0; 95% CI, 1.3-27.8) and levofloxacine (OR, 6.0; 95% CI, 1.3-27.8), remained significant in the final model ( ; Ϫ2 log like-P ! .05 lihood ratio test, ) ( Table 2 ). P p .39 discussion Our results showed that healthcare settings affected with CD-027 epidemic strains had significantly higher prior consumption of certain antibiotics than those unaffected by the epidemic strains. In particular, we found that consumption of levofloxacin in contrast to other fluoroquinolones (ie, ofloxacin and ciprofloxacin) and consumption of imipenem were significantly higher in HCF CD-027ϩ, compared with the corresponding consumption in HCF CD-027Ϫ. Although CDI can occur as a result of exposure to any antimicrobial, clindamycin, cephalosporins, and fluoroquinolones are the most frequently reported risk factors. 2 Rarely has imipenem been described as a risk factor for CDI. A recent retrospective case-control study showed that imipenem use within the previous 60 days was a significant predictor of CDI. 10 The CD-027 strains are characterized by in vitro resistance to the newer fluoroquinolones. 4, 11 However, the role of these antimicrobial agents in the selection of C. difficile epidemic strains remains controversial, as reported in recent publications. 3, 4, 10, 12 For instance, Pepin et al 3 from Quebec found that the risk of C. difficileassociated diarrhea tended to be lower among patients who were receiving levofloxacin than among those who were receiving ciprofloxacin. In contrast, Muto et al 12 found that the exposure to levofloxacin as well as clindamycin and ceftriaxone were independent risk factors for CDI caused by CD-027 strains. In the latter study, the outbreak occurred following the introduction of levofloxacin and a large increase in fluoroquinolone consumption. Other studies reported that new fluoroquinolones, such as gatifloxacin and moxifloxacin, were important risk factors for the emergence of CD-027 infection outbreaks. 3, 4, 10, 13 In our study, antibiotic consumption data were collected during the year before the outbreak. This choice aimed to evaluate prior antibiotic selective pressure that may favor emergence of CD-027 strains. However, it remains hard to determine whether a CD-027 infection outbreak could be influenced by antibiotic pressure or transmission from patient to patient related to failures in standard precautions. The CD-027 infection outbreak that occurred in northern France was mainly controlled after reinforcement of the antibiotic stewardship program in addition to the implementation of extensive hygiene measures, such as double hand hygiene (hand washing with liquid soap before using alcohol-based hand rub), dedicated equipment, cohorting units (isolation care areas with private rooms and dedicated staff personnel), and environmental cleaning with hypochlorite solutions (0.5%).
In our study, we demonstrated that antibiotic consumption was associated with emerging CD-027 infection outbreaks regardless of the hospital size and of the level of performance indicators measuring infection control activity and alcoholbased hand rub consumption. These indicators are required for annual public reports in French hospitals. The lack of difference between HCF groups with regard to these characteristics suggests that cross-transmission was not the only reason for the spread of CD-027. Finally, this study supports the promotion of better antibiotic usage in healthcare settings, in parallel with hygiene precautions. Fluoroquinolones with an extended spectrum against gram-positive bacteria, such as levofloxacin, which is increasingly prescribed for respiratory tract infections, should be the primary target in programs aiming to reduce antibiotic consumption.
